The reverse transcriptase (RNA-directed DNA nucleotidyltransferase) from avian myeloblastosis virus is able to make an extensive, possibly complete, complementary DNA copy of intact poliovirus RNA. In the presence of high concentrations of deoxyribonucleoside triphosphates, ribonucleoside triphosphates, or sodium pyrophosphate, this DNA is the only species produced. Without these additives, however, a second size class of DNA is also synthesized. This material has a sedimentation coefficient between roughly 4 and 10 S and is produced later in the reaction, largely after synthesis of the larger complementary DNA has ceased. The smaller DNA consists primarily of material anticomplementary to the RNA template and contains a faithful and uniform representation of the viral sequences. It most likely arises by transcription of the larger DNA species.
In a previous report (1), we showed that the reverse transcriptase (RNA-directed DNA nucleotidyltransferase) from avian myeloblastosis virus is able to make an extensive, possibly complete, complementary DNA (cDNA) copy of intact poliovirus RNA. The DNA sedimented at approximately 18 S in alkaline sucrose gradients, indicating a chain length of about 7000 nucleotides. It hybridized 96% back to the template RNA and was able to protect the RNA from ribonuclease digestion when approximately equivalent amounts were annealed to it; thus, it is a uniform representation of the sequences in the template. The material was produced in high yields (50-75% of the input RNA) and could be made at high specific activities without using prohibitively large amounts of isotope.
In the presence of high concentrations (4 mM) of deoxyribonucleoside triphosphates, ribonucleoside triphosphates, or sodium pyrophosphate, this DNA was by far the predominant species produced. Without these additives, however, a second size class of DNA was also synthesized. This material had a sedimentation coefficient between roughly 4 and 10 S and was produced later in the reaction, largely after synthesis of the 18S cDNA had ceased.
In this communication we describe the properties of the smaller size DNA and demonstrate that it consists primarily of DNA with faithful sequence representation that is anticomplementary to the RNA template. of '25I-labeled poliovirus RNA have been detailed (1). Characteristics of the specific lots of poliovirus RNA, 125I-labeled poliovirus RNA, and 3H-labeled 18S cDNA made in the presence of 4 mM sodium pyrophosphate that were used in these studies have been described (1). Hydroxylapatite Column Chromatography. A bed of hydroxylapatite (0.5 g dry weight) was prepared inside a 1-cm diameter jacketed column. The bed was equilibrated with 0.12 M sodium phosphate (pH 6.8), 0.4% (wt/vol) sodium dodecyl sulfate at 600. Samples were diluted into 1 ml of the same buffer and applied to the column under gentle air pressure. The temperature was raised in 5°steps, and at each temperature the column was eluted with five 1-ml portions of the buffer. At 1000, the column was washed in addition with five 1-ml portions of 0.4 M sodium phosphate (pH 6.8), 0.4% (wt/vol) sodium dodecyl sulfate. Each fraction was then precipitated with trichloroacetic acid, and the radioactive samples were collected on nitrocellulose membrane filters.
MATERIALS AND METHODS
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RESULTS
Time course of appearance of smaller DNA The size distribution of the DNA synthesized using reverse transcriptase of avian myeloblastosis virus and intact poliovirus RNA template at various times is shown in Fig. 1 Fig. 4 ). At still later times, the smaller species predominates (data not shown).
In the presence of phosphodiester bond-containing additives, the smaller cDNA synthesis can be completely suppressed (1). Fig. 2 In order to distinguish among these alternatives, the ability of the smaller DNA to hybridize to the template RNA and to protect that RNA from digestion by ribonuclease was tested. A reaction mixture was prepared and fractionated on an alkaline sucrose gradient. The fractions containing the two size classes of DNA were pooled separately, and the DNA was freed of small-molecular-weight substances by gel filtration. The ability of the two species to anneal to poliovirus RNA was then examined, and the results shown in Table 1 were obtained.
Only about 25% of the smaller cDNA hybridized to the template RNA compared with the larger material, which annealed essentially completely. In addition, the smaller material showed a much higher nuclease resistance when incubated with Escherichia coli RNA than did the 18S cDNA. These results were obtained with three different preparations of cDNA, and since it is unlikely that the DNA hybridizes to the bacterial nucleic acid, self-hybridization of the DNA was probably occurring. The fact that there was an increase in the nucleaseresistant material with an increase in CDNA-t in the reaction with E. coli RNA is additional evidence for self-annealing and indicates that at least part of the material consists of separate positive and negative strands rather than hairpin structures. It was, however, possible that the observed difference was fortuitous and merely represented different background levels with the different preparations.
Annealing the 18S cDNA to the RNA rendered it 90-95% RNase-insensitive (1). The smaller DNA, however, was unable to protect most of the template from the nucleases ( Table 2 Hybridizations were performed as described in Materials and Methods in a final volume of 0.02 ml and assayed with micrococcal nuclease. E. coli RNA is total cell ribonucleic acid. The percent nuclease-resistant is given as the average of two determinations followed by the range of values obtained. The DNAs were fractionated on alkaline sucrose gradients to obtain the larger and smaller species. Results are shown for three different DNA preparations as identified in the first column. CAt values are the product of the concentration of the subscripted nucleic acid and the time of incubation expressed in moles-nucleotide-liter-'-sec.
were measured on hydroxylapatite. The results, shown in Fig.   3 and The most probable template for the smaller DNA would then be the 18S cDNA, although it was conceivable that the material arose by random end addition or some other abortive process. To determine which of these alternatives was correct, the ability of the smaller DNA to hybridize to the larger species was measured. A reaction mixture was prepared containing [32P] dCTP, and the DNA was fractionated as above into the two size classes (Fig. 4) Proc. Natl. Acad. Sci. USA 73 (1976) .p the ability of the antibiotic to affect its production was determined. As shown in Fig. 5 , addition of 100 Ag/ml of actinomycin D to the reaction strongly inhibited the synthesis of the smaller species. This finding supports the hybridization data, showing that the material was copied from a DNA template. (1) and fractionated by alkaline sucrose density gradient centrifugation. Fractions 8-13 and 18-23 were pooled, neutralized, and diluted 3-fold with water. Each sample was passed through a column of Sephadex G-50; the peak fractions were pooled and lyophilized to dryness. The DNA was taken up in 0.3 M NaOH, 3 mM EDTA and incubated at 370 for 16 hr to ensure complete removal of the template RNA. Tris-HCl (pH 7.4) was added to 0.05 M,,and the pH was adjusted to 7.4 by addition of HCl.
Sequence representation of the smaller DNA Additional insight into the possible mechanism of smaller DNA synthesis would result from a determination of the sequence representation of the plus-strand material. To this end, increasing amounts of 32P-labeled smaller DNA were annealed to 18S [3H] cDNA made in the presence of sodium pyrophosphate, and the resistance of the latter to digestion by micrococcal nuclease was measured. As can be seen in Table 5 , virtually all of the larger material can be covered by sequences present in three weight equivalents of the smaller species; The result produced
